Ha2k ol WO R ¥ R Vol. 42,No. 6
2023 4F 12 /4 JOURNAL OF OCEAN TECHNOLOGY Dec. 2023

doi: 10.3969/}.issn.1003-2029.2023.06.006

& 5l et 2R P RE SEIR T 33

XM, KBRS, FER, B R’

(1. PENEFERFINA B TRES SRS, (LR HH 2661005 2. FSIEERE AL,
IWE HE 266237)

B OE. RBIFRRAAFTEMN S R AR RG s RAEAIEI B, B R R LR R S8
R, RARERBHEENE T, BRARKERL, BREHECKE, HHKREMDYE
L5 E . AIAE B XEHEE SRS LEMYXEIT T —FERLR, BESE, RLE&ER
BRCEGH A IS, ST T AU AR K, FFR T BRONKIRE, BRELEM A
HOoTIE BAER ARG T e, EA R 2 XIER BAERAGFIEAEA L AKX, R
KA ik ge b A AR SRR B aGak ), mOoR A IR T AR i B K2 IR S iR
BERRR, A R M RAE R A B AR B AR TR A IR AL e w AR AR, BB A& ST b

B
XER: B, BT, HH BHKE
FESES: U662.3 CERFRIRAD: A XEHS: 1003-2029 (2023) 06-0042-09

FURT, Sy paser . in a5/ NEDREC R RAEAR (8] 2) , SRATRRER IS HfEt, 17 7Emk
AR AN B )R A O B R A R, RCRIR . W SRR AL, HAE 2L/
B (D), X SRR UK AR AR KIERELIE . PR, B TN
Mo /L £ 7 A5, SE BRI AT MR KA AN [ A R G K A A ) 2
5, sHTEEAAIICE . BT ED SONMUREE 58, BB R CR B BEA A K S ARl

REANNIY S, BRCEHONAR, R EFEER BCHEERZ 1,

R 2 2B B A A 2 0 N THRAN Y FAXS TURBESE A4S, — i I HE

i BHEA: 2023-05-25
HETH: IWAE ARRARESRIE (ZR2022ME147) ; ER AARARAREIHA (52088102)
EERN: XIS (1987—), B, Wit, Rl#dZ, FENFREEIC)I RS BARMSY. E-mail: pengliu@ouc.edu.cn

B2 FARIEHNEREMR




5 6 4]

X OWS, A eRAIBARAE AR RESL RIS 43

EOLER NG, T RRRAE 38 s RN K AR R
QUSRI , TR WZ KN | I A N
L, RHGE A TERAOKI T AE . —FeR 5
WA 1 7 I A T B SR, JEX B A
AR E AT TP, O E SRR
BAEE, T ABVE T A A R — . B
AU T A RS b, R HRZ
1 802 TE 1930 48 1 B 31 H ok 1Y 8 iy =X 5 il
(Landing Vehicle Track, LVT) . LVT &A% 1E
b B IR E AR Tk —®, TR FH 8 A 2
MR T S 2. S TR I E K A T
BREFAHE ST, LVT ZEJEA AR AR BB T s Ee R it
B, B2l BRI R B 25%, RS X R 7

SR A — S 8 o R 85 i i =10, a4
Wiy BA PR RIS EhEE, Bt LA B S A Y

TER AR BERR PR UELE K T B HE I I ELE I 7 i
R SR, (HRRETCEE R T BERR AR AR K
HESERPERE . STERAER, B A U T U 1) /)N
R HEAT IG5, (AR 22K TH J2 i A2 A AL #5 A
o 2014 4F, CULJ 45z iz 8 7 R wit 17—
Tl /NERIFAHL 28 A AmBot, JFISRAG I 7 A1) 7 M
FT B, HAE Kbz s, o iR AR
PRSI ST, 2017 4, SUSANTO R D 2531
T A RS R AT A A N PIEALEE L, H R
il F— e iR 8 8 A IS P, AT 4
INHLER NIRRT, FEoKkef, BES  PIATIAL 4 A4
BEHEDE 1. 2018 4F, HOSOTANI K Z5MEfF5E T —F
FAERAMNE W e vE 2, EE T 4P b E AR I
PPk B R RS2 0y 45 em, Bl ANk 4 ] ] —
B s, HAREW DA E RS, R
RN FEK R = A e T, TAERT TR A TR LA
TEHAE K T BT RES

A SCEEA AT eI R S, 7RI A4S
PSR T T —Fh B S B UE RS (Ta-
ndem Paddle Propulsion, TPP), #E#t RG0S BENR
KIS S e T, AR T AR G R U
R A A A 1 K T BERR AR 7K N -2 1932 Bl (]
FBEES, /0N Thest R, o T b 2 [ R i n)
5 AEMGIER LN T T AR A AR I AR G [ A
B, FFUEA KA, MR RE L s 7L

Sk 1 A S BEAR AR L A 22 2 T/ N JC A
SIS 36 N HIRCR o

1 TPP I R5HAL

Y BEMUIE E RGES A T RS S U932 B s
X, ST TR, SRR BRI K3k
158, BSBHERRRIE, BB R G
E ER BB A IR sl 5 S K B TIRES, (A
MRS K A EDIRAS, SRR T BEMZE K T R
EUKIRIK AR RS, W0 T BRI /K i iE L

WE 3 R, 2 A—ZIRahE, HAEN 56 mm,
M B 1 3K3h, 3R ah s AL n] R R kT & Bh
MU T8 . B 3(a) v, 4 hESE, HiR

=i 1 —

(OREE]

'%'/7
1% EI- {
10/ ‘

(d) MR
3 BRFIBARMEH IR 3D IRIHRE



44 IS S5 A N ¢

42 4

142 mm, HGMAE 5 —9IK3h4 2 S R0 90K
Et, RS S EZ MM A, —H A
A AR AL shd B, Rl 3 T Hon il 12, &=
AL BB 5 Kk B tL ik 25 [R5 N Bh%E 6,
Leh B RE A 5 mm, M EAS Fohft H
FAEE, 74 142 mm. F 55 i B A M
ML L, R OBl e 7E SR 8 .

FAACURK L BB B, FRABER 7 5N
ZAAe sy b, Bttt 124, REEYh
136.7 mm, BEMR IR R RVEBOIE X, LUk
Yo SRR TR, BEAAR N [ v e % 5
BT, e B SIS BT O R, IR
BEM S5 BB Z AR . R TR BB AT ek
MOEMEIE , R B kB A S AT A R R R AR R AR
¥, S ENLTE E 350 5 M ah4e Z A i
AR 9 B B IIER, R AR D)
71, [FFESRE QR E S, O TR A K
REE, TERER S —OE i 11, Wi &
B0 BTN AW, o] AR A AOKIREE,
DI SR RZ R LR E R R, MR Y
920 mm, FEZ9 270 mm, /529 340 mm, FEEHEHLEY
S5l )y ) A] LA S IR HEE A 9 1 A7 5 S HERE L
& 3(b) iz, A SCHLE H B BEAR R i 20 00 Ay i ik
Jra), % I AR I e A TER

AN, RPN SR SE PR, B/
Z RO IR S LR, R (SR Sh iR nT e b
TR 2%, AT LIS/ Bk it i A,k
HK T ZEE R KB A, FR 9 AR A 1 25 1 v B
WO EBAR, AEMTAOK LR FL 27 o 2 X s i
FERAFI . Ry 1AL, B4 K Tk
XTHBLEYSZ I, 5 4R S HE AR Y 3K S e il DR
AR SCHERF AR B R BB AR R sh i s,
B AR K

WE 4 s, —9EREhE 2 5 ash i e
A, JFEIRSh B 3, H IR AL Y
M R F e, M sh Fahfeielt, [
BENRARATEN T -

TEAK S A T A e AR SE BE AR 5l 2 ™ AR
Sy, PBER B A R R G RE RIS
BAEEZ S X T LB IR S 5 51 B 4

IR
.#4 . .

1/
2 3

4

(a) EMA (b) MR (o) EFEEHCRE

B4 SIIEREHRR _REDEXTEE
PEERMHTARAA N K, DI SCE T BE BT 25
Mt , w5 ESHR S B i
TR . AEARZIK LR UAL P 5 i DL
JEWIRHERES , AT X B S BRI TE 2 B b TR
MR JRFX LRI AR B, 3 H A T4
HEVERGERHE T FIRCR , e 25 i A 1 5
AKX KT BB 3 A0S R B WA itk . A
I, ASSORBENR A B R EEREAT B, SR T
B ARl =R s R

Wk s fis, Kbl B R IE TR F 1z 3h

TR B R %, SR Macon IR SME i
frisgit.

HR AR [z

&

B 5 SKirhRARIARRE i E BN
PAE 3 A Bedim AU, 42 R 5% LU AR ]
JERERO 95 mm, 52K K 50 mm, BEMREE
2 mmo ER BB HEGE G BT B9 5 R AR Ah SR
MR, MEATRIEEALIE, i AR RE LN A 6
N

6 BT BRI AR IR R



5 6 4]

X OWS, A eRAIBARAE AR RESL RIS 45

2 TPP gt RESE 50 g

AR S AE DR A I B KA T, K
MK 30m, 9 0.6m, 1R 1.0 me SEH ORI A
WIS AL R G AT, AR KT R S S
B SEE kR R e A A SR T S R ) ok
IR e . aniEl 7 Bt , 3SR AL B
BRI RS W RGEMPUE h RG A, HpiE
Tl R GEI T AL 7 T R S, ML 3 R4t
PUATE R R GRS, SCIER A BE AR Y R 0 a2
3l BB B, I R G AR I
WS AT, IR A TR 5 R A FIEL
PEAbse ., 1B 8 JEIR TSI B R Z R R E K

R BER
e

8 HLBKER

W7 B, i 7 PRAIERE A B4 AR e R BE
g RaZtiizsl, SRR HIAE KA _E 3 P 73 550 22
TR HAMPATNRAY, JHEHLE LA L
PIANTES, SHLEKREEE RSC T E , DA D HfiEE
s B P AR RSN RO o R S AR A A B

B AL T KA i PRI, DD 7K o) B 38 3 R T
XFBEMR B2 . SR FHER R 3030 FRAUAL HIVE T A3
PEREZR, JRIG A E A B b, XS iy
T B SCRAE S il 4 4 AT IR D B 4
B SR A BEAR HE T 2 [ 2 ZE S T AU SR
T, AT D SRR AR T, R T
HY SIS v A BE XK G B e S AT RN, I HLR
A SR E AR T /KRR SR, PRUEHESE S AT
DU S A MK Y 7, M2, 1% idds
— Ui A B T ISR, O — e A
KA EITEESE b o AT ARG R B BERR A 4 X A
PRA T RIZRIERE, Sl AR U A B
UNERENINPINIE e a0 O L I N s e S el
THR AR I T SR I E . AR IR B SRS
A 50 Hz, FRASFA9EEE 3 — B Savitzky-Golay 35
AT AL B,

REAR A IE R /K RE 52 5025 B s i R I 9 Fros .
TR (i oy | A L £ I 7 W0 8 AN £ A ¢
KEREK, I B HARS LA PO S, T
SEH rp Al DL Z AR AR B R AR TN 5 R A e
SLEERAE S 30 B s BRI i ) R R AT 10
Js, St B AR N 1 FR .

o o JIEIEES

TS A

Vi h- i&; st e
i
SEHEI R
Vo
KA

0
B9 BERAKEXRKETEE

B 10 MZMERE



46 I S Y N S R
F1 ZREROES LRIy TR e AR, (H i TR R K

(R B I AL TIHIRSE TR ARRAR N, DR sz ] LA Z2 0
RERAER VN 772DPN24120-30s 120 W TERFYGEITHANE], BREE S F DL 50 Hz [958 3% %

i b s TN

o BT 10 Ca) IR FR K Vo = 0.1 s,
T FUIRAB AT IT B D7 e RE T VREE L — YIS
FEHAY TRSi TA8146C 0.05% BEBUEIL V= 0.5 mis, AKTRIE h = 133 mm H955

3 SRS IE

3.1 HiER&ESLE

SRR B AT T, TEAKAE K A G T
I S . IR —im 5 T B S 50 [ v s,
T—u S ET A EE, RIEM I R,
513 BT S HEE AR B A AT IR IE SR T
TRIRAEE, H 3 RHCFME, (B T AR R
AR TE AW L2287 M7KA K

TG, ZANFEIKIREE S5, et Az 2]
4307 SRR
435} IR
=
4.05f
3.90F
3.75 s ! . !
0 20 40 60 80

tls

() MEEIIfES

Borh F AR R B 2. PRI £, PASO He
KR EIR RS Bos I R sh . sk, T
WA EME, 55 Savitzky-Golay JEE £ UE Y ,
T A T PEAE AN T 00 N RRAR 58 AN —30

K11 (a) P B SR SEER RIS RS . s
STERT 22 s W BB IR T BENE), X H T
ZHSEEX A R AL Sl AT RER e AR . 2
5, AR TR EA A s, 1S aksh
AR Ji DAL ] R 2 7K R A IR AR AT TR AN AR E i 2
Mo BT OLAECEI & 3 W, RIGHCFME, Br
A TR ER S e P (AT Y o

WA, AESER R b AR S B IR AR S B

A B CD

5> >

Ji s K
— PR

F./N

100 120

0 20 40 60 80
t/s
(b) FEREIIES

B 11 TPP #EHME ATt L&

PSR FFEGC R ok, A 11(h) PR, 78 A
WrBL, BN AL TR B, RS R 2
A0, BES Rl Be N HEE RS 232 BRI A ity . A
M= AERL o WERBIRYFAT R (R TFIR, B
M VORI IR A AR T, SRk [ 7]
B B BrBe. BEEBIRAREB TRES, M B
MR R RE K, MG 7 A B HE ) 78 e 22
2, BCZME RGP AR BOHE ) (E, ERE R
1o BAREENRIT Lz s, [H T B Z AT RIS ST
KRS, A A, PRI K A5

SRR i e T A2 TR, JFREE R

BHIOZ RN, I TRRE, B TalE b C B

Bt TE D BB, Y AWM GRS, BB e
EZ M S LT R 0, BUE H3 3 BEAR 45 52 3]
JIHRE e 4
3.2 Ammﬁﬁnwmﬁm A0

TESEPRI D, eSS BNz K IR EEE A 2l E
A0 s B AR R I AR AL, WEOEEAR A KR B B A
PRIZ K 38 G R . SEI kAR T AR A A K TR B
IEM i HAEAS R KR EE S B = A A HE I (E . FESE
Kt FErp, SEHAIKERE /5 7E 45 mm, 95 mm Fl
133 mm W SEATINEEHE S, 12 JoR 1Al B
AR GEEE T e 7 S50 (8 5 A AUE X LU0, e
b, BUESS R S5 SR T



o561 X)W, . HFIBENEE RS ERE SR BT T 47
: : , 16 . . . . 15
12t o . 3
—— A —— i 12F ——igm
o RIR{H 20 o WG o RIS _—
- 87 Z g = 9 3 :
=~ =~ & 6l
4 L
4 r 3 [ = ]
. h, = 45 mm / h, =95 mm h, =133 mm
, , , X : . . . 0 ‘ , . ‘
025 050 075 100 125 025 050 075 1.00 025 050 075 0.79
Vgl (mes™) Vil (mes™) Vy/ (mes™)

(@) AJKIREE h, =45 mm

(b) AIKIEEE h, =95 mm

12 RRBRAKRE TR ORI S

(¢) AJKIRJE hy=133 mm

ME 12 FIEH, 78 =R AKKE T,
LE AR SR R B2, S B E
e, ARfERLEARR] . Y EENR A KB EE R 45 mm F
95 mm i}, SCERZEIREE R TRUULE R, HHAE 5%
EAIRZERN, FERETE 10%N; Y AKIRE
133 mm [, SEEESRE/NTRAUSR, —HZ
R RERK, AEEREMA T 15%, KRR
AL 21%, BKIRELE hy=133mm, V,=05m/s
W= . SEER R ) = 4R, TR
T T S SRS, YRR TR N, ax s
SRR K 32 B b s, R 2s ™
Az BREINBEL T o A 7™ A 38 o 4 T RN ok
SENRXAPRE Ty, SBOU A E R, (Hax e
ZEATHORAE T4 3Z TG BN, pR O] DAIE B AR SC o e
KRBT 1 B BT L
3.3 BEWRARXT TPP #1890

P IR S i v R IR [R] A K IR B 2 XoF 1B
B T AP S8 A A5 AR 38 Jl— e S o PRI A 5 e
T h,=95mm Ml b, = 171 mm WAL ETH T, X
BERR I B SRSV RERY SC R AT MR . S ] £
T RS [ 2 B BEAR AR A KR by = 95 mm B T
PRAEMETI RN EER, Nl 13 R,

B 13 el DA, R AR AR B4 T B
LRGN, 7RSSRV N, AR A
FIHE K, TRz, i/, 2t Lo
AT LA 30 = A [] B g AR i 7 A 4 ) B —
E2ES, BZ SRR AR, oI ARG b s AT
XA 2E SR IR . A S BUER R B, B 14 R
TR RIOR BB B 1) AR T, ReRI T
B RS HEWRRER TR AR, HEF LA,

10.0 T
I ER
[ I
75¢F -ﬂﬂ“}i
< sof
&~
2.5F
0
0.25 0.50 0.75
V,/ (mes™)
B 13 =B E THHENLEE

MBENRAE V= 2.0 m/s B, EAREDE RGERYRE
TR TSR GE, WA BENGEE BN, Pk
HEE R G HMEIESCRE AT BRI R SE, M9
EVER G ERBERAN T 2 Z . FEB 0 o
BB, PG IETKERK, B, FKE
AL S SRR RO SRS, WHRCR S
IKRAFE—ERFR, (H/K I AR SR A
—HE . Pt R Gefe ) A B HEE AR 1 [
W PERRAKE, Wik, e R5n
SRR TR, R S AR AR B AR

20

—a— AR
15+ —o— iR A

—A— i
9]
10+ l\
\:\

n!%

\\ﬁ\\q_

0.|5 110 ll.5 2I.0
Vy/ (mes™)
= FhEEAR A THRERITEE (h,=171 mm)

E 14



48 OV B

542 5

3.4 TPP BYSEARHE MK

15 JeoR 1 AR i e R b i VAR
SRS AR, B SCFTRI & 1 HR 9 A 4 i
AT PR b2 AR P TR A, SMI A RT LA RE
PKE Y, DA SRal AR R . IR
RZ [RIAIEE R 835 mm, FEATAIK LR 2.05 m, T
290 1.4m, B4R 0.6 m. 1 HFBENRIEDE RS 2 5]
CEABERS, (AEEZ0 0.08 m*, FHTFAEFFIR
£y, H EJrcE R AR RS0, SEERRIEA A
HIEHAE S . AR ARl R o, ikt
ERRRAZEARAL, AT LA SR TAER I RE

g~ 2% exik
TR -';fu_—"—'-,[_'.; Zaﬁ%g?

.

7
_.,n..'\- b X"
" :t

(b) MRLIE
B 15 FEMHEEEE

VR 2 AR A 4 1) RE TT LA SR,
PHEFERS SR B 2L, VSN R AT SE B A%
SEIBRAE YIRS BERRZ 2 ) A R S T VA
A58 B0 b A 4 A oV TR Bk B A 16
PR, i, ABE 90 4 10 s AYRTE],

28 MR IR o (14 K5, S R ER 41 BB A 4
HE A IK SN A TE I A4 T B A T, TE A
W U SEENRGEEE Vv, OCRWNE 17 FiR . Skl
H, EFOKT, CYATHEVLERSITIR (120 W) 3K )
T R BB A B B KA B 1.1 /s AiA, R
PR 24 R 0.42 m/s, ffF 55 BEARGH B R IE B, 7EER
e Y BBE MR T A M MR AR 2

B
0.4Ff
P
o 03f ¥
g
< 02r
)
=
0.1r ® ML 5B
0 L 1 1 1
0.4 0.6 0.8 1.0
Vil (mes™)

B 17 FRMREESEREEXRE

3.5 TPP KK EMiK

TEIZ IR R, RRTE R T R S AR A
e TAET = A 3 K B G 2 55 S50 K B EAR AU
RI—3. B 18 4511 T R A BEE 25 76 7K T
WK IS, I 5 BUEEAEA TR 3T

\ A\

B 18 AR ENIK S EE RS L E

g 18 Jras, BEMRATKES x4 KT, e
ol T S PRI B, R ] PN 2 i — IR TE K
DX R T BB PRI RS B, 2 (e B
AR RO R , T g — ) 2 7= A
DXCSPELRIE AR, BEE RIS I, AR ™ A R B A



5 6 4]

X OWS, A eRAIBARAE AR RESL RIS 49

2 2 RN, Rt R e L 7 237 A 2R v i 1] B
B i S B SETE R IR, DA 7 Al XU . A
P18 Hn] LU B0 1 R 9 i A4 B0 -5 SCRIR 7]
R T BN

4 4 ik

ARSI T — i FH T2 K JC S (05 4
PR — RSB R G, IR = 4E BT Or
&, WUEMEEAEDL, JFE T A RBAREE . AK
DRI BT AR R S, kBt sl e v Ak
AR T B A I S FAR 3, O U T A AR
MLER

SRR, HEEA IR B i B
FER, ABAEANTR]BER IR SR BT HE 7 A 1S i A
], TERBEREE N 95 mm I, S RlifEd 2 ik
AL HRES SREES B, BEMEAK,
FEIRERIFE 15% LI, Kk T 28 Bi 77k
A REFNERSTE

IS RF, SR AR AR & = A4 ) i

SE M-

K, Prddroh, BEEGHKEBERSER, 178
REEHRRECT, riRpokiEi/ . SRR,
ERAIRCR AR, ST 2E 2R GEAE A 8 it
BRI, 2l KRB A7K

T BT R HE AR A D[R] AT 0] LASE
F¥E, Fem e, HAEES™ ik R bEE
BEN A BB T BOR B . FE—EYEEN, T
EEAR A S B R A, FE H TR
AR L, VEEMA IR RO L) 0.42 m/s.

ARSCHTAR A7 S8 X B R AT L T
AR BB PRSI 5 £ B R AR 52 &
SCRE, B3R Bk i, ARSI
JIE SR N TN TR AT VE RE Tl 592
il AR AT HE— 2P W SER AR RS S T RE A4 M
RUHEDE A ) UG R e, A ST BB BE 5 e 1] £
JERIRR, Sl eS8 Woh, ASCELUN
RN S LA ST R OK O T 5, T k]
LB IR IT A I B B HE AR AR IR R TN R I
TEVERETE O, L AR A BEAR ST fE
AP

[1] CULJ, ZHANGJ, HUOY, etal. Adaptability of free—floating green tide algae in the Yellow Sea to variable temperature and light
intensity[J]. Marine Pollution Bulletin, 2015, 101(2): 660-666.
[2] FORT A, MANNION C, FARINAS-FRANCO J M, et al. Green tides select for fast expanding Ulva strains|[J]. Science of the Total

Environment, 2020, 698: 1-6.

[3] BLETTLER M C M, ABRIAL E, KHAN F R, et al. Freshwater plastic pollution: Recognizing research biases and identifying
knowledge gaps[J]. Water Research, 2018, 143(10): 416-424.,

[4] SANDA B Y, IBRAHIM I C. Causes, categories and control of water pollution[J]. International Journal of Scientific Engineering

and Science, 2020, 4(9): 84-90.

[5] HELINSKI O K, POOR CJ, WOLFAND J M. Ridding our rivers of plastic: A framework for plastic pollution capture device
selection[J]. Marine Pollution Bulletin, 2021, 165(4): 112095.

[6]  BRHUHE, WRICK. A AR SLaR AT )). HL T4, 2007, 24(12): 109-112.

[71  XINL, LIUP, WANG S, et al. Study on propulsion performance of a tandem paddle propulsor[J]. Ocean Engineering, 2022,

264(9): 1-14.

[8] CALDWELL R C. The role of the tracked amphibian in modern amphibious warfare[J]. Naval War College Review, 1970, 22(5):

68-99.

9]  BRBFER, miEte, XIHDE SNEPIRG 4K EHEFERE B S AP (], A B TR E B4z, 2001, 15(2): 93-98.
[10] KLINE J, SHIMOZONO G, SCHMIDT T. The captive air amphibious transporter (CAAT) an enabler for ultra-heavy lift amphi-

bious logistic operations in extreme environments|C]//Proceedings of the OTC Arctic Technology Conference. Houston, USA:

OTC, 2012: OTC-23753.



50 IS S5 A N ¢ 5 42 %

[11] DOWD J A. Cost benefit and capability analysis of Sea—Base connectors[R]. California USA: Naval Postgraduate School, 2009.

[12] CUIL, CHEONG P, ADAMS R, et al. Ambot: A bio—inspired amphibious robot for monitoring the swan—canning estuary system
[J]. Journal of Mechanical Design, 2014, 136(11): 1-8.

[13] SUSANTO R D, JATI A N, SETIANINGSIH C, et al. Am—bo: Single propulsive method amphibious robot[C]//2017 International
Conference on Advanced Mechatronics, Intelligent Manufacture, and Industrial Automation (ICAMIMIA ). Surabaya, Indonesia:
IEEE, 2017: 80-84.

[14] HOSOTANI K, MATSUZAKA K, TAKAYAMA Y, et al. Underwater thrust characteristics of a flexible spiked crawler track[C]//
Proceedings of the IEEE International Conference on Robotics and Biomimetics (ROBIO ). Kuala Lumpur, Malaysia: IEEE, 2018:
1005-10009.

[15] XUMG, 2475, M, 5. — R0 ] T A0 (st e B BAn: Z1202111484695.1[P/OL]. (2022-03-01) [2023-02-17]. https:/
kns.cnki.net/kems2/article/abstract?v=SSVAINPfwfd WEFdZndlUIZZOV ViiSM{NHQVIRNiSA25Ci5SFuPle—Hp AEG9xKFf-NwnOwxs
FNUCNT;j6ZbLiWHb1EgSe6iuxgaPFj2HKo081-cbDiebpuirjzKinrw956xfSVtH-jrl9Y =&uniplatform=NZKPT&language=CHS.

[16] YUSOF A, HJ OMAR A, SYAHROM A. Analysis of oar blade hydrodynamics for rowing propulsive mechanism: Experiment and
computational fluid dynamics simulation[J]. International Review of Mechanical Engineering, 2018, 12(11): 920-927.

[17] CURET O M, PATANKAR N A, LAUDER GV, et al. Mechanical properties of a bio—inspired robotic knifefish with an undula-
tory propulsor[J]. Bioinspiration & Biomimetics, 2011, 6(2): 1-9.

[18] SAVITZKY A, GOLAY M J. Smoothing and differentiation of data by simplified least squares procedures[J]. Analytical Chemistry,
1964, 36(8): 1627-1639.

[19] HARTED, BOSEN, CLIFFORD R, etal. An application of paddlewheel propulsion to a high speed craft|C}//Proceedings of the Se-
cond International Symposium on Marine Propulsors (SMP’11). Hamburg, Germany: Institute for Fluid Dynamics and Ship Theory
(FDS), 2011: 427-434.

Experimental Study on the Propulsion Performance of a Tandem Paddles Propulsor

LIU Peng', ZHANG Zhaopeng', XIN Longqing', MA Liang?
(1. Key Laboratory of Ocean Engineering of Shandong Province, Ocean University of China, Qingdao 266100, China; 2. Qingdao Marine
Science and Technology Center, Qingdao 266237, China)

Abstract: An unmanned cleaning boat for water environmental protection often use paddles wheel or screw propeller to meet its shallow
draft or efficient propulsion needs, but the paddles wheel has a heavy structure, low propulsion efficiency and other shortcomings, and the
screw propeller has a deep draught, easy to be entangled by aquatic plants and other disadvantages. Therefore, this paper designs a new
type of propulsor — tandem paddles propulsor (TPP), with shallow draft, anti-winding and high efficiency by referring to the structure form
of crawler propulsion device and paddles wheel. Then, it conducts experimental tests on the performance of the prototype, and studies the
influence of the depth of webbing, shape and other structural parameters on the propulsion performance of the TPP; on this basis, the
application test of the TPP on an unmanned drift cleaning vessel. The results show that the increase of rotational speed can effectively
improve the thrust of the TPP, while the use of bent paddle can reduce the water lift of the TPP and improve the propulsion efficiency, and
the real ship application test proves that the dual TPP can improve the rotary performance of small unmanned drift cleaning boat, and at the
same time has better rapidity.
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